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(57) The present invention is directed to a high-per- 
formance irradiation sensitive positive-tone resist and to 
a method of formulating the same. In one aspect, the 
polymer resin composition of the present invent ton com- 
prises a blend of at least two miscible aqueous base sol- 
uble polymer resins, wherein one of said aqueous ^se 



soluble polymer resins of said blend is partially protect- 
ed with a high activation energy protecting group and 
the othecaqueous base soluble polymer resin of said 
biend is partially protected with a low activation energy 
grotecting^ roup. A chemically amplified resist system 
comprising said polymer resin composition; at least one 
acid generator; and a solvent is also provided herein. 
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Description 

Field of the Invention 

[0001] The present invention relates to semiconduc- 
tor manufacturing and, in particular, to a high-perfornrv 
ance irradiation sensitive positive-tone resist for use in 
mid- ultraviolet (UV), deep-UV, extreme UV, X-ray and 
e-beam lithography and to a method of formulating said 
positive-tone resist. In one aspect of the present inven- 
tion, a polymer resin composition comprising a blend of 
at least two miscible aqueous base soluble polymer res- 
ins that are partially protected with different acid labile 
protecting groups is provided. The present invention al- 
so provides a chemically amplified resist system com- 
prising the polymer resin composition of the present in- 
vention. 

Background of the Invention 

[0002] In the field of semiconductor manufacturing, 
optical lithography has been the main stream approach 
to pattern semiconductor devices. In typical prior art li- 
thography processes, UV light is projected onto a silicon 
wafer coated with a thin layer of photosensitive resist 
through a mask that defines a particular circu itry pattern. 
Exposure to UV light, followed by subsequent baking, 
induces a photochemical reaction which changes the 
solubility of the exposed regions of the photosensitive 
resist. Thereafter, an appropriate developer, usually an 
aqueous base solution, is used to selectively remove the 
resist either in the exposed regions (positive-tone re- 
sists) or, in the unexposed region (negative-tone re- 
sists). The pattem thus defined is then imprinted on the 
silicon wafer by etching away the regions that are not 
protected by the resist with a dry or wet etch process. 
[0003] Many of the currently used resists are chemi- 
cally amplified positK/e-tone resists which are made of 
two major components: The first component of such 
chemically amplified positive-tone resists is an aqueous 
base soluble polymer resin where the polar functional 
groups of the polymer resin are partially protected by 
acid labile protecting (or so-called blocking) groups. The 
presence of such protecting, i.e. blocking, groups 
makes the polymer resin base insoluble. Ackj catalyzed 
deprotection of the protected sites converts the polymer 
resin back into an aqueous base soluble polymer. 
[0004] The second major component of prior art 
chemically amplified positive-tone resists is a photoacid 
generator. Exposure of these resists to UV irradiation 
typically generates an acidic catalytic species as a result 
of the photochemistry of the acid precursor. The cata- 
lytic species is believed to induce a cascade of subse- 
quent chemk:al transformations of the polymer resins 
that alter the solubility of the exposed regions. Thus, the 
quantum efficiency of the photochemical event is ampli- 
fied hundreds or even thousands of times through the 
catalytic chain reactkxi. The most commonly employed 



chemical amplification involves the acid catalyzed de- 
protection of varbus partially protected poly(p-hydroxy- 
styrene). poly(acrylic acid), or copolymers thereof for 
positive-tone resists. The chemical amplification of re- 

5 sist materials are described in detail in U.S. Patent Nos. 
4,491 ,028 to Ito, 5,252.435; to Tani, et al.; 5.258,257 to 
Sinta. et a!.; 5,352,564 to Takeda, et al.; 5,210.000 to 
Thackeray, et al; and 5,585.220 to Breyta. 
[0005] The acid labile protecting groups used with the 

10 aqueous base soluble polymers can be classified into 
two distinct groups: (I) High activation energy protecting 
groups such as t-butyl ester or t-butyl carbonyl groups; 
and (II) Low activation energy protecting groups such 
as acetal, ketal or silylether groups. 

75 [0006] Resists containing aqueous base soluble pol- 
ymer resins protected with high activation energy pro- 
tecting groups generally require a post-exposure baking 
step to effect the deprotection and solubility switch due 
to the high bonding energy. In the case of polymer resins 

20 containing low activation energy protecting groups, a 
post-exposure baking step of the resist is not necessar- 
ily required because of the facile deprotection chemistry 
of this group which generally occurs at about room tem- 
perature. 

2S [0007] Accordingly, each of the foregoing acid labile 
protecting groups has their own advantages and disad- 
vantages associated therewith. For example, the high 
activation energy protecting groups tend to give rise to 
high resolution, but suffer from environmental contami- 

30 nation during the post-exposure delay. On the other 
hand, the low activation energy protecting groups tend 
to exhibit robust environmental stability, however they 
normally suffer from line width slimming and shelf-iife 
problems. 

35 [0008] In view of the state of prior art resists, it would 
be beneficial if a new polymer resin compositk)n could 
be fomiulated which incorporates the advantages of 
both types of protecting groups in a single resist while 
eliminating the disadvantages associated with each pro- 

40 tecting group. That is, there is a continued need to de- 
vetop a new and improved polymer resin composition 
which exhibits high resolution upon exposure to UV ir- 
radiation, good environmental stability and that could be 
used to pattern semiconductor circuitries. 

45 

Summary of the Invention 

[0009] One object of the present invention is provide 
a simple and highly nnanufacturable method of fonmu- 
so lating high performance positive-tone resists that com- 
bine all of the desirable features and/or properties of 
each of the above- mentioned protecting groups into a 
single resist. 

[0010] Another object of the present inventkxi is to 
55 provide a method of formulating a positive-tone resist 
that exhibits high resolution and good environmental 
stability. 

[0011] A further object of the present invention is to 
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provide a positive-tone polymer resin composition and 
resist system that can be used in semiconductor man- 
ufacturing, and. in particular, in the patterning of semi- 
conductor circuitri s. 

[0012] These and other objects and advantages are 
achieved in the present invention by blending at least 
two miscible aqueous base soluble polymer resins hav- 
ing different acid labile protecting groups together. 
[0013] According to one aspect, the invention pro- 
vides a chemically amplified resist system as claimed in 
claim 1 . 

[0014] According to a second aspect, the invention 
provides a resist for use in semiconductor manufactur- 
ing as claimed in claim 6. 

[0015] According to a third aspect, the Invention pro- 
vides a method of forumulating a polymer resin as 
claimed in claim 7. 

[0016] A further aspect of the present Invention Is di- 
rected to a positive-tone chemically amplified resist sys- 
tem which comprises (a) the polymer resin composition 
of the present invention; (b) an acid generator; (c) a sol- 
vent for said polymer resin composition; and, optionally, 
(d) a photosensitizer that is capable of absorbing irradi- 
ation in the mId-UV, deep-UV, extreme-UV, X-ray or e- 
beam range. The chemically amplified resist system of 
the present invention may further comprise (e) a base 
and/or (f) a surfactant. 

Detailed Description of the Invention 

[001 7] In one aspect of the present Invention, a poly- 
mer resin composition useful in formulating a positive- 
tone resist which comprises a blend of at least two mis- 
cible aqueous base soluble polymer resins, whereJnpQ^ 
of said aqueous base soluble potymer r esins is partially 
protected with a high activation energy protecting group 
and the olher.aqueous base soluble polymer resin Is 
partially protected with a low activation energy protect^ 
ing group is prowfed^The term 'miscible" is used herein 
to denote polymer resins which, after mixing and 
processing, show no detectable phase separation under 
optical and/or electron microscopy. 
[0018] The polymer resins employed In the present 
are typically well known to those skilled in the resist ma- 
terial art Generally, the polymer resins employed in the 
present invention are homopolymers or higher polymers 
containing two or more repeating monomer units, e.g. 
copolymers or lerpotymers, that are soluble in an alka- 
line solution after deprotection. Moreover, the polymer 
resins employed in the present invention contain polar 
functional groups that readily ionize. The polar function- 
al groups of the polymer resins are generally hydroxyl 
or cart^oxyl functionalities. 

[0019] Illustrative examples of suitable honriopoty- 
m rs that can be utilized in the present invention in- 
clude, but are not limited to: phenolic-containing resins 
such aspoly(hydroxystyrene) including the meta-, para- 
or ortho- substituted forms, and phenol formaldehydes; 



polymers having an acid or an anhydride group, e.g. . 
polyacrylic acid or polymethacrylic acid; or acrylamide, 
imide or hydroxyimide group type polymers. 
[0020] Preferred homopolymers have an average 

5 nrralecular weight within the range of 1000 to 250.000. 
and preferably within the range of 2000 to 25,000. A 
highly preferred homopotymer that can be employed as 
the polymer resin Is poly(hydraxystyrene) (PHS), with 
the para-form being the most preferred. 

70 [0021] In regard to polymers which contain at least 
two monomer units, the monomer units employed in the 
present invention in forming such polymers are selected 
from the group consisting of hydroxystyrenes, styrenes, 
acrylates, acrylic acid, methacryllc acid, vinylcyctohex- 

75 anol, phenol formaldehydes, methacrylates, acryla- 
mides, maleic anhydrides and maleimldes. The higher 
polymer resins. I.e. copolymers, terpolymers, etc.. em- 
ployed in the present invention have the same molecular 
weight as expressed for the homopolymers. A highly 

20 preferred polymer resin employed in the present inven- 
tion Is one which contains at least two of the folk3wing 
monomer units: hydroxystyrene, styrene, vinytcyctohex- 
anol, acrylic acid, nnethacrylic acid, acrylate or methacr- 
yiate. 

2S [0022] The aqueous base soluble polymer resins em- 
ployed in the present invention also contain a polymeric 
backbone such as, but limited to: polyolefins, polyotefin 
sulfones, polysutfones. polycyclic olefins, polycar- 
bonates, polylmides, polyketones, polyethers and the 

30 like. A highly preferred polymeric backbone for the 
aqueous base soluble polymer resin is polyethylene. 
[0023] The aqueous base soluble polymer resins em- 
ptoyed in the present invention are prepared using con- 
ventional techniques that are well known to those skilled 

35 In the art. These Include liquid or gas phase polymeri- 
zations or copolymerizations using catbnic, anrank: or 
free-radk:al catalysts or Zlegler-Natta catalysts. 
[0024] In accordance with the present invention, 
some, but not all, of the polar functional groups of on 

40 of the aqueous base soluble polymer resins are nr>odi- 
fied, i.e. protected, with a high activatkjn energy protect- 
ing group or a low activation energy protecting group. 
Such protecting groups, which are also called acid iabil 
protecting groups, are well known to those skilled in the 

4S art. The other aqueous base soluble polymer resin used 
in forming the blend has some of its polar functional 
groups partially protected with whichever protecting 
group is not empk>yed in the first aqueous base soluble 
polymer resin. 

so [0025] The term "high activatton energy protecting 
group" denotes those protecting groups which require 
heat (typically at temperatures of greater than about 
70"C) in order to begin the chemical amplification reac- 
tion. Suitable high activaton energy protecting groups 

55 that can be employed in the present invention include 
cyclic or branched, e.g., secondary or tertiary, altphatk: 
carbonyls, sters or ethers containing from about 3 to 
about 30 carbon groups. 
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[0026] Illustrative examples of cyclic or branched 
aliphatic carbonyls that may be employed in the present 
invention include, but are not limited to; phenolic car- 
bonates; t- alkoxycarbonytoxys such as t-butoxylcarbo- 
nyloxy; and isopropylcart)onyloxy. A highly preferred 
carbonate that nnay be employed in the present inven- 
tion is t-butoxycarbonyloxy. 

[0027] Some examples of cyclic and branched ethers 
that may be employed In the present invention include, 
but are not limited to: phenolic ethers, benzyl ether and 
t-alkyi ethers such t-butyl ether. Of the aforesaid ethers 
it Is highly preferred to use t-butyl ether. 
[0028] Examples of cyclic and branched esters that 
can be employed in the present invention are carboxylic 
esters having a cyclic or branched aliphatic substituent 
such as t-butyl ester, isobomyl ester, 2-methyl-2-ad- 
mantyl ester, benzyl ester, 3-oxocyclohexanyl ester, 
dimethypropylmethyl ester, mevalonic lactonyt ester, 
3-hydroxy-g-bulyrolactonyl ester, 3-methyl-g-butylrol- 
actonyl ester, bis(trimelhybityl)isopropyl ester, trimeth- 
ylsilylethyl ester. tris(trimethylsityl)silytethyl ester and 
cumyl ester. 

[0029] The low activation energy protecting groups 
employed in the present invention are those groups 
which allow for the acid catalyzed deprotection reaction 
to occur readily at room temperature. Examples of low 
activation energy protecting groups that can be em- 
ployed in the present invention include cyclic acetals, 
aliphatic or cyclic ketals and sitylethers, 
[0030] Some examples of acetals and ketals that can 
be emptoyed in the present invention include, but are 
not limited to: phenolic acetals and ketals as well as tet- 
rahydroluranyl. tetrahydropyranyl, melhoxycyctohexa- 
nyl, methoxycyclopentanyl, cyclohexanyloxy ethyl, 
ethoxycyclopentanyl. ethoxycyctohexanyl, methoxycy- 
cloheptanyl. and ethoxycycloheptanyl. Of these, It is 
preferred that a methoxycyclohexanyl ketal be em- 
ployed. 

[0031] Illustrative examples of sitylethers that can be 
employed in the present invention include, but are not 
limited to: trimethysilylether, dimethylethylsilylether and 
dimethylpropylsilylether. Of these sitylethers, it is pre- 
ferred that trimethylsilylether be employed in the present 
inventran. 

[0032] tt is again emphasized that in the present in- 
vention, the polymer resin composition comprises a 
blend of two miscible aqueous base soluble polymer 
resins, wherein one of sakJ aqueous base soluble poly- 
mer resins is partially protected with a high activation 
energy protecting group and the other aqueous base 
soluble polymer resin is partially protected with a low 
activation energy protecting group. Specifically, in ac- 
cordance with the present invention, one of the aqueous 
base soluble polymer resins is partiailty protected with 
pr ferably from about 3 to about 97 mol % of a high ac- 
tivation energy protecting group, whereas the other 
aqueous base soluble polymer resin Is partially protect- 
ed with preferably from about 3 to about 97 mol % of a 



low activation energy protecting group. More preferably, 
one of the aqueous base soluble polymer resins is par- 
tially protected with from about 6 to about 45 mol % of 
a high activation energy protecting group, whereas the 

5 other aqueous base soluble polymer resin is partially 
protected with from about 10 to about 45 mol % of a low 
activation energy protecting group. 
[0033] In accordance with the present invention, the 
polymer resin composition preferably comprises from 

10 about 5 to about 95 wt. % of a high activation energy 
protecting group blocked aqueous base soluble polymer 
resin. More preferably, the polymer resin composition 
comprises from about 25 to about 75 wt. % of a high 
activation energy protecting group blocked aqueous 

^5 base soluble polymer resin. 

[0034] The polymer resin composition is preferably 
prepared in the present invention by blending one aque- 
ous base soluble polymer resin that is partially protected 
with a tow activation energy protecting group with an- 

20 other aqueous base soluble polymer resin that is par- 
tially protected with a high activation energy protecting 
group, wherein said aqueous base soluble polymer res- 
ins are miscible with one another. More specifically, the 
polymer resin compositions are obtained by mixing the 

25 two miscible polymers together at a temperature of from 
about 0** to about 70'*C, more preferably from about 15** 
to about 40* C, in a common organic solvent which is 
capable of dissolving both polymer resins. Alternatively, 
the polymer resin compositions are obtained by blend- 

30 ing solutions of the two polymers together. 

[0035] The blending is typically carried out at said 
temperature for a time period of from about 1 to about 
48 hrs. More preferably, the blending is carried out for 
a time period of from about 5 to about 24 hrs. Suitable 

35 organic solvents which can be employed in the blending 
step include, but are not limited to: ethers, glycol ethers, 
aromatk: hydrocarbons, ketones and esters. The sol- 
vents used in the blending step can be the same or dif- 
ferent from the solvent used as component (c) of the 

40 resist system. Highly preferred organk; solvents em- 
ployed in the blending step are propylene glycol rrrano- 
methylether acetate (PGMEA), cyclohexanone, ethyl 
lactate and ethoxy ethyl proponate. 
[0036] The polymer resin composition of the present 

45 invention, i.e., miscible polymer blend, can be used in a 
chemically amplified resist system which comprises, in 
addition to the polymer resin compositton, a photoackf 
generator, a solvent for the polymer resin compositbn, 
and, optK)nally a photosensitizer. The chemically ampli- 

50 fied resist system of the present invention may further 
conrprise a base and/or a surfactant. 
[0037] The photoacid generator used in the resist for- 
mulation of the present invention are compounds which 
generate an acid upon exposure to energy. They are 

55 commonly employed herein as well as in the prior art for 
the deprotection of the acid liable protecting groups. Il- 
lustrative classes of such acki generators that can be 
employed in the present inventton include, but are not 



4 



BNSDOCIO: <EP 0939340A1 I > 



J 



7 EP 0 939 340 A1 8 



limited to: nitrobenzyl compounds, onium satts. sul- 
fonates, carboxylates and the like. A preferred acid gen- 
erator employed in the present invention is an onium salt 
such as an iodonium salt or a sutfonium salt. Exannples 
of photoacid generators are discussed in great length in 
Sinta, et al. supra, the contents of which are incorporat- 
ed herein by reference. 

[0038] The specific photoacid generator selected will 
depend on the irradiation being used for patterning the 
resist. Photoacid generators are currently available for 
a variety of different wavelengths of light from the visible 
range to the X-ray range; thus, imaging of the resist can 
be performed using deep-UV, extreme-UV, e-beam, la- 
ser or any other irradiation source deemed useful. 
[0039] The solvents that are employed as component 
(c) of the resist formulation of the present invention are 
well known solvents that are employed in the prior art to 
dissolve acid sensitive polymers. Illustrative examples 
of such solvents include, but are not limited to; ethers, 
glycol ethers, aromatic hydrocarbons, ketones, esters 
and the like may be employed in the present invention. 
[0040] Suitable glycol ethers that can be employed in 
the present invention include: 2-nnethoxyethyl ether 
(diglyme), ethylene glycol monomethyl ether, propylene 
glycol nnonomethyl ether, propylene glycol nw^nometh- 
ylether acetate (PGMEA) and the like. Examples of ar- 
omatic hydrocarbons that may be employed in the 
present invention include toluene, xylene and benzene; 
examples of ketones include methylisobutylketone, 
2-heptanone, cycloheplanone, and cyclohexanone; an 
example of an ether is tetrahydrofuran; whereas ethyl 
lactate and ethoxy ethyl proponate are examples of es- 
ters that can be employed in the present invention. Of 
the solvents mentioned hereinabove it is preferred that 
a glycol ether or ester be employed, with PGMEA being 
the most preferred glycol ether and ethyl lactate is the 
most preferred ester. 

[0041] The optbnal conrponent of the present inven- 
tion, i.e. theg botosensitiz er. is composed of compounds 
containing chr omophores that are capable of absorbing 
irradiation inTfhe nriicJ-UV, deep-UV. extreme-UV. X-ray 
or e-beam range. Illustrative examples of such com- 
pounds include, but are not limited to: 9-anthracene 
methanol, couTnarins, 9,10-bis(trimethoxysilyl ethynyl) 
anthracene and polymers containing these chromo- 
phores. or these compounds, it is preferred to use 9-an- 
thracene rnethanol as the photosensitive compound tor 
t-line irradiation source. 

[0042] The bases that can be employed in the present 
invention, as component (e), include, but are not limited 
to: berberine, cetyltrimethylamnrx^nium hydroxide, 1 ,8- 
bisldimethylamino)naphthalene, tetrabutyl ammonium 
hydroxide (TBAH), amines, polymeric amines and the 
like. Of these bases, it is preferred that TBAH be em- 
ployed in the present invention as the base component. 
[0043] The surfactants that can b empbyed in the 
present invention as those thiat are capable of improving 
the coating homog n ity of the chemically amplified re- 



sist of the present invention. Illustrative examples of. 
such surfactants include: fluorine-containing sur- 
factants such as 3M's FC-430 and siloxane-containing 
surfactants such as Union Carbide's SILWET series and 
5 the like. 

[0044] In accordance with the present inventk>n. the 
chemically amplified resist system preferably comprises 
from about 1 to about 50 wt. % of component (a); from 
about 0.001 to about 14 wt. % of component (b); and 

10 from about 40 to about 99 wt. % of component (c). If a 
photosensitizer is present, it is preferably present in an 
amount of from about 0.001 to about 8 wt. %. When a 
base and/or surfactant are used, they are preferably 
present in amounts from about 0.01 to about 16 wt. % 

15 of said base (component e), and from about 100 to about 
1000 ppm of sakJ surfactant (component f). More pref- 
erably, the chemically amplified resist system of the 
present invention comprises from about 2 to about 30 
wt. % of component (a); from about 0.005 to about 10 

20 wt. % of component (b); from about 70 to about 95 wt, 
% of component (c); and, if present, from about 0.002 
to about 2 wt. %. of a photosensitizer, from about 0. 1 to 
about 6 wt. % of a base, and from about 250 to about 
800 ppm of a "surfactant. 

25 [0045] The folbwing examples are given to illustrate 
the scope and spirit of the present invention. Because 
these examples are given for illustrative purposes only, 
the invention embodied therein shouW not be limited 
thereto 

30 

EXAMPLE 1 

Synthesis of 1-methoxycyctohexene (MOCH). 

35 [0046] 500 mg of p-toluene sulfonic acid monohydrate 
was placed in a 2000 ml flask. Under house vacuum, 
the acid was heated with a heat gun to dry the glassware 
and to get rid of the hydrate from p-toluenesulfonb acid. 
About 750 ml of dimethoxycyclohexane (from TCI Amer- 

40 ica) was added to the acid and the silicon oil bath under 
the 2000 ml flask was heated up to about 80'*-90'*G. The 
reaction was carried out overnight under house vacuum 
to pump off the generated methanol. On the second day, 
the oil bath was raised up to about IIOFC to distill off 

45 the 1 -methoxycyclohexene. The purity of the MOCH 
produced was about 95-100%. 

EXAMPLE 2 

50 Synthesis of partially methoxycyclohexene 
protected Maruzen potyhydroxystyrene (PHMC) 
(10% hydrogenated). 

[0047] The partially protected polymer was prepared 
ss by adding 750 g of propylene glycol mono methyl ether 
acetate (PGMEA) to 250 g of PHMC with continuous 
stirring until a clear solution was obtained. This solution 
was then added in with about 1 50 mg of oxalic acid. After 
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the acid was dissolved. 90 g of 1-methoxycyclohexene 
was added to the solution, and the reaction was carried 
out at room temperature with stirring overnight The re- 
action was then quenched with 20 g of basic active alu- 
minum oxide. The protection level of 18.5% on phenol 
group was determined by CIS NMR. 

EXAMPLE 3 

Synthesis of ketal protected poly(p- 
hydroxystyrene). 

[0048] To a one neck flask equipped with a magnetic 
stirrer, charged 50 grams of poly(p-hydroxystyren8) and 
150 grams of PGMEA. The mixture was stirred at room 
temperature until the poly(p-hydroxystyrene) dissolved 
(about 2 hrs.). 30 mg of malonic acid (99%) was then 
added and stirred for 0.5 hr This was followed by drop- 
wise addition of 13.915 grams of 2-methoxy propene 
within 5 min. The solution was stirred at room tempera- 
ture for 16 hrs. The reaction was then quenched by ad- 
dition of 4 grams of basic alumina and stirred for an ad- 
ditional 2 hrs. This gave a polymer with 25% ketal pro- 
tection (CI 3 NhAR). 

EXAMPLE 4 

[0049] Equal weights (5 g) of poly(hydroxystyrene) 
protected with 25 moi% ketal [Example 3] and a copol- 
ymer of 68 moI% hydroxystyrene and 32 mol% t-buty- 
lacrylate were dissolved in PGMAE with 5 wt% of di(t- 
butylphenyl) iodonium camphorsulfonate to make a so- 
lution with 20 wt% of solid content. The resulting solution 
was filtered through a 0.2 um filter and spin coated on 
5 inch silicon wafer primed with an adhesion pronnoter 
HMDS. The resist was then post apply baked at 110**C 
for 60 seconds and exposed to DU V light (248 nm wave- 
length) on a ASM stepper (0.5 NA). The wafer was then 
post exposure baked at 11 0'C for 60 seconds and dou- 
ble puddle developed with 0.263 TMAH developer for 
30 second each. 0.3 ^m line and space patterns were 
resolved. 

EXAMPLE 5 

[0050] Equal weights of the methoxycyclohexane pro- 
tected polyhydroxystyrene polymer (18.5 mole% pro- 
lection)[Example 2] and a terpolymer consisting of hy- 
droxystyrene (65 mole%), styrene (20 mole %), and ter- 
tiary butyl acrylate (15 mole %) were blended together 
in PGMEA with 4'wt% of di(t-butylphenyl) iodonium per- 
fluorooctane sulfonate and 0.3 wt% tetra-butyl amnrx>ni- 
um hydroxide to nnake a solution with 1 5 wt% of solid 
content. The resufting solution was filtered through a 0, 1 
^m filter. The resist was spin coated on a 6 inch silicon 
wafer which had a 900 Angstrom thk:k coating of IBM 
BARL (polyether bottom antireflective layer). The resist 
was post-apply baked (PAB) at 90''C for 60 seconds and 



exposed to DUV light (248 nm wavelength) on a GCA 
stepper (0.53 NA). The wafer was then post-exposure 
baked (PES) at IIO'C for 90 seconds. It was developed 
using a single-spray puddle develop process for 45 sec- 

5 onds with Shipley's LDD26W 0.263 N TMAH developer. 
[0051] Under these process conditions, the 220 nm 
nested line/space feature with a 1 :1 pitch were resolved. 
The 250 nm nested lines had 15% exposure latitude. 
The 250 nm isolated lines had slightly reentrant profiles, 

10 however when the post -expose bake was lowered to 
105''C, the profiles became more square. The post-ex- 
posure delay stability was good and showed less than 
30 nm of top growth with 30 minute delay The post-ex- 
posure bake temperature sensitivity was checked at 

IS lOS^C, 110'*C and 115"C and found to be less than 1 
nm per degree for this resist system. 
[0052] Since the delay stability, PEB sensitivity and 
resolutbn were good, processing at 90" C PAB and 
1 00*C PEB was studied. Under these conditions the iso- 

20 lated line profiles were no bnger reentrant. It was ob- 
served that the nested lines on a pitch of 250 nm line 
and 375 nm space, showed greater than 40% exposure 
latitude. This was also observed for the 250 nm isolated 
lines, and the nested lines on a pitch of 200 nm tine and 

25 300 nm space. 

EXAMPLE 6 

Polymer B and poly MOCH blend. 

30 

[0053] Equal weights of the polyhydroxystyrene pro- 
tected with 20% tertiary butyl carbonate (t-BOC) and 
methoxycyclohexane protected polyhydroxystyrene 
polymer (18.5 nrK>le% protectbn) (poly MOCH) [Exam- 

35 pie 3] were blended together in PGMEA with 4 wt% of 
di(t-butylphenyl) iodonium perfluorooctane sulfonate 
and 0.3 wt% tetra-butyl ammonium hydroxide to make 
a solution with 15 wt% of solid content. The resulting 
solution was filtered through a 0.1 ^im filter. The resist 

40 was spin coated on a 6 inch silicon wafer which had a 
900 Angstrom thick coating of IBM BARL The resist was 
post-apply baked (PAB) at 90*C for 60 seconds and ex- 
posed to DUV light (248 nm wavelength) on a GCA step- 
per (0.53 NA). The wafer was then post-exposure baked 

45 (PEB) at 110*C for 90 seconds. It was devetoped using 
a single-spray puddle develop process for 45 seconds 
with Shiple/s LDD26W 0.263 N TMAH developer. 
[0054] Under these process conditions, the 220 nm 
nested lines on a 1 :1 pitch were resolved. The 250 nm 

50 nested lines had approximately 24% exposure latitude. 
The 250 nm isolated lines had slightly reentrant profiles. 
As observed with other blending combinatk>ns, when 
the post-exposure bake was lowered to 105°C, the pro- 
files became more square. The post-exposure delay 

55 stability was much better than the resist containing the 
t-BOC protected PHS polymer alone, and showed less 
than 30 nm of top growth with 30 minute delay. The post- 
exposure bake temperature sensitivity was checked at 
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105°C. IIO^C and 115"C and found to be less than 3 
nm per degree for this resist system. 
[0055] Since the delay stability, PEB sensitivity and 
resolution were good, processing at 90*'C PAB and 
100'*C PEB was studied. Underth se conditions the iso- 
lated line profiles were no longer reentrant. It was ob- 
served that the 250 nm nested lines on a 1:1 pitch 
showed 32% exposure latitude. The depth off focus for 
these lines was approximately 1 micron. The 225 nm 
nested lines had a depth of focus of approximately 0.8 
microns. 

EXAMPLE 7 

[0056] Equal weights of the copolymer consisting of 
65 mole % hydroxystyrene and 35 mole % tertiary butyl 
acrylaie and a methoxycyclohexane protected polyhy- 
droxystyrene polymer (18.5 mole % protection) [Exam- 
ple 2] were blended together in PGMEA with 4 wt% of 
di(t-butylphenyl) iodonium perfluorooclane sulfonate 
and 0.3 wt% tetra-butyl ammonium hydroxide to make 
a solution with 15 wt% of solid content. The resulting 
solution was filtered through a 0.1 ^im filter. The resist 
was spin coated on a 6 inch silicon wafer which had a 
900 Angstrom thick coating of IBM BARL The resist was 
post-apply baked (PAB) at QO'^C lor 60 seconds and ex- 
posed to DUV light (248 nm wavelength) on a GCA step- 
per (0.53 NA). The wafer was then post-exposure baked 
(PEB) at IIO^C for 90 seconds. It was developed using 
a single-spray puddle develop process for 45 seconds 
with Shiple/s LDD26W 0.263 N TMAH developer. 
[0057] Under these process conditions, the 220 nm 
nested lines on a 1:1 pitch were resolved. The 250 nm 
nested lines had approximately 15% exposure latitude. 
The 250 nm isolated lines had slightly reentrant profiles. 
As obsen^ed with other blending combinations, when 
the post-expose bake was lowered to 105*0, the pro- 
files became more square. The post-exposure delay 
stability was better than the resist contained the 65 
mol% hydroxystyrene and 35% t-buty! acrylate copoly- 
mer alone, and showed less than 50 nnh of top growth 
with 30 minute delay. The post-exposure bake temper- 
ature sensitivity was checked at 105°C, IIOX and 
115"C and found to be less than 1 nm per degree for 
this resist system, 

[0058] Since the delay stability, PEB sensitiviiy and 
resolution were good, processing at 90*0 PAB and 
1 00**C PEB was studied. Under these conditions the iso- 
lated line profiles were no longer reentrant. It was ob- 
served that the nested lines on a pitch of 250 nm line 
and 375 nm space, showed 28% exposure latitude. 

EXAMPLE 8 

[0059] Equal weights of the polyhydroxystyrene pro- 
tected with 20% tertiary butyl cartx>nate (t-BOC) and 
methoxycyclohexane protected polyhydroxystyrene 
polymer (18.5 mole% protection )[Example 2] (poly 



MOCH) were blended together in PGMEA with 2 wt%, 
of triphenylsulfonium-triflate andO.2 wt% tetra-butyl am- 
monium hydroxide to make a solution with 1 5 wt% of 
solid content. The resulting solution was filtered through 

5 a 0.1 Jim filter. The resist was spin coated on a 6 inch 
silicon wafer which had a 900 Angstrom thick coating 
IBM BARL. The resist was post-apply baked (PAB) at 
90**C for 60 seconds and exposed to DUV light (248 nm 
wavelength) on a GCA stepper (0.53 NA), The wafer 

10 was then post- exposure baked (PEB) at 100**C for 90 
seconds. It was developed using a single-spray puddle 
develop process for 45 seconds with Shiple/s LDD26W 
0.263 N TMAH developer, 

[0060] Under these process conditions, the 225 nm 
IS nested tines on a 1 :1 pitch were resolved. The 250 nm 
nested lines had approximately 14% exposure latitude, 
which was the lowest latitude for any of the blended 
combinations tested. The 250 nm isolated lines had a 
"matchhead" profiles. It was determined that this PAG 
20 did not perform as well as the others tested. 

BXAMPLE 9 

Poly B and poty MOCH blend. 

2S 

[0061] Equal weights of the polyhydroxystyrene pro- 
tected with 20% tertiary butyl carbonate (t-BOC) and 
methoxycyclohexane protected polyhydroxystyrene 
polymer (18.5 moie% protection) (poly MOCH) [Exam- 

30 pie 2] were blended together in PGMEA with 4 wt% of 
di(t-butylphenyl) iodonium perfluorooctane sutfonale 
and 0.3 wt% tetra-butyl ammpnium hydroxide to make 
a solutton with 15 wt7o of solid content. The resulting 
solution was filtered through a 0.1 [im fitter. The r sist 

35 was spin coated on a 6 inch silicon wafer which had a 
900 Angstrom thick coating of 1 BM BARL. The resist was 
poly-apply baked (PAB) at 100**C for 60 seconds and 
exposed to DUV light (248 nm wavelength) on a GCA 
stepper (0.53 NA). The wafer was then post-exposure 

40 baked (PEB) at 1 00" C for 90 seconds. It was developed 
using a single-spray puddle develop process for 45 s c- 
onds with Shipley's LDD26W 0,263 N TMAH developer. 
[0062] Under these process condittons, the 220 nm 
nested lines on a 1 : 1 pitch were resolved. The 250 nm 

45 nested lines had approximately 16% exposure latitude. 
The 250 nm isolated lines had square profiles. TTie post- 
exposure delay stability was much better than POLY-B 
alone, and showed minimal change with 30 minute da- 
lay. The focus latitude under the conditions of 100/100 

so degree PAB/PEB was the best observed with 1 .2 mfcron 
depth of focus. 

COMPARATIVE EXAMPLE 1 

ss [0063] Polyhydroxystyrene protected with 22% terti- 
ary butyl carbonate (t-BOC) was dissolved in PGMEA 
with 4 wt% of di(t-butylphenyl) iodonium perfluorocam- 
phor sulfonate and 0.3 wt% tetra-butyl ammonium hy- 
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droxide to make a solution with 1 5 wt% of solid content. 
The res u ft ing solution was tittered through a 0. 1 filter. 
The resist was spin coated on a 6 inch silicon wafer 
which had a 900 Angstrom thick coating of IBM BARL. 
The resist was post-apply baked (PAB) at 90°C for 60 5 
seconds and exposed to DU V light (248 nm wavelength) 
on a GCA stepper (0.53 NA). The wafer was then post- 
exposure baked (PEB) at 110*'C for 90 seconds. It was 
developed using a single-spray puddle develop process 
tor 45 seconds with Shipley's LDD26W 0.263 N TMAH io 
developer. 

[0064] Under these process conditions, the 210 nm 
nested on a 1 : 1 pitch were resolved. The 250 nm nested 
lines had approxinnatety 2B% exposure latitude. One 
limitatbn of this system was the post-exposure delay ^5 
stability, which was less than 30 minutes. 
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(b) an acid generator; and 

(c) a solvent for said polymer resin composi- 
tion. 

2. The chemically amplified resist system of Claim 1 
wherein said miscible aqueous base soluble poly- 
mer resins contain hydroxyl or carboxyl functional 
groups. 

3. The chemically amplified resist system of Claim 1 
wherein said miscible aqueous base soluble poly- 
mer resins contain a polymeric backbone selected 
from the group consisting of polyolefins, polyolefin 
sutfones, polysulfones, polycyclic olefins, polycar- 
bonates, polyimides, poly ketones and polyethers. 



COMPARATIVE EXAMPLE 2 

[0065] A copolymer consisting of 65 mole7o hydroxy- 
styrene and 35 mole% tertiary butyl acrylate was dis- 
solved in ethyl lactate with 4 wt% of di(t-butylphenyl) io- 
donium perfluorooctane sulfonate and 0.3 wt% tetra- 
butyl ammonium hydroxide to make a solution with 15 
wt% of solid content. The resulting solution was filtered 
through a 0.1 jim fitter. The resist was spin coated on a 
6 inch silicon wafer which had a 900 Angstrom thick 
coating of IBM BARL. The resist was post-apply baked 
(PAB) at 90*C for 60 seconds and exposed to DUV light 
(248 nm wavelength) on a GCA stepper (0.53 NA). The 
wafer was then post-exposure baked (PEB) at 110*C 
for 90 seconds. It was developed using a single-spray 
puddle develop process for 45 seconds with Shipley's 
LDD26W 0.263 N TMAH devetoper. 
[0066] Under these process conditions, the 200 nm 
nested lines on a 1 :1 pitch were resolved. The 250 nm 
nested lines had approxinnatety 16 % exposure latitude. 
The 250 nm isolated lines had a depth of focus of ap- 
proximately 0.8 microns. The post-exposure delay sta- 
bility showed unacceptable t- topping after 30 minutes. 



Clafms 



4. The chemically amplified resist system of Claim 1 
wherein sakl high activatk>n energy protecting 

20 group is selected from the group consisting of cyclic 
or branched aliphatic carbonyls, esters and ethers 
containing from about 3 to about 30 cartx>n atoms. 

5. The chemically amplified resist system of Claim 1 
25 wherein one of said aqueous base soluble polymer 

resins is partially protected with from about 3 to 
about 97 moi% of said high activation energy pro- 
tecting group and said other aqueous base soluble 
polymer resin is partially protected with from about 
30 3 to about 97 mol % of said tow activation energy 
protecting group. 

6. A resist for use in semiconductor manufacturing 
comprising a blend of at least two miscible aqueous 

3S base soluble polymer resins, each aqueous base 
soluble polymer resin having polar functk>nal 
groups, wherein one of said aqueous base soluble 
polymer resins has Its polar functional groups par- 
tially protected with a high activation energy protect- 

^ ing group and the other aqueous base soluble pol- 
ymer resin has its polar f uncttonal groups partially 
protected with a low activation energy protecting 
group. 



1 . A chemk:alty amplified resist system comprising: 45 

(a) a polymer resin composition, wherein said 
polymer resin composilran comprises a blend 
of at least two miscible aqueous base soluble 
polymer resins, each aqueous base soluble ^ 
polymer "resin having polar functional groups, 
wherein one of said aqueous base soluble pol- 
ymer resins has its polar functional groups par- 
tially protected with a high activation energy 
protecting group and the other aqueous base ss 
soluble polymer resin has its polar functional 
groups partially protected with a tow activation 
energy protecting group; 



7. A method of formulating a polymer resin composi- 
tion comprising the step of: 

(a) blending one aqueous base soluble polymer 
resin that is partially protected with a low acti- 
vation energy protecting group with another 
aqueous base soluble polymer resin that is par- 
tially protected with a high activation energy 
protecting group, wherein said aqueous base 
soluble polymer resins are miscible with one 
another. 

8. The method of Claim 7 wherein said blertding is car- 
ried out at a temperature of from about 0^ to about 
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70** C in a common organic solvent capable of dis- 
solving both polymers. 

9. The method of Claim 8 wherein said common or- 
ganic solvent is an ether, a glycol ether, an aromatic s 
hydrocarbon, a lactone or an ester. 

10. The method of Claim 9 wherein said common sol- 
vent is propylene glycol monomethylether acetate 
or ethyl lactate. 
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